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(54) Aqueous pigment Ink sets for color InkJet recording, color InkJet recording method, and 
color InkJet recorded matter 

(57) Provided are aqueous pigment Ink sets for 
color InkJet recording which solve the degeneration of 
the color balance of printed matter. One aqueous pig- 
ment Ink set Includes yellow Ink, cyanide ink, and 
magenta Ink, wherein the sedimentary degree of yellow 
ink is 4Q% or less, the sedimentary degree of cyanide 
Ink Is 30% or less, and the sedimentary degree of 
magenta Ink is 15% or less. 
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Description 

BACKGROUND OF THE INVENTION 

[0901] The present Invention relates to aqueous pigment Ink sets for color InkJet recording, color fnkjet recording 
method, and color Inkjet recorded matter. 

10 DoscrintkMua f tha Related Art 

[0002] Demands for pigment Ink In place of dye Ink as the Ink for color InkJet recording have been Increasing In 
recent years. This Is due to pigment Ink being superior to dye Ink In terms of various physical properties such as light 
resistance and water resistance. 

1$ [0003] Nevertheless, as pigment ink Is water-Insoluble, It Is necessary to prepare Ink In tha form of an aqueous dis- 
persed liquid with pigment particles dispersed In water, When this aqueous dispersed liquid; I.e. pigment Ink, Is stored 
In the Ink storage chamber of a printer for a long period of time, sedimentation of pigment particles will occur In the ink 
liquid. Thus, a gradient will occur to the density of the pigment particles in the ink liquid, and differences will arise 
between the coloration of the Image printed with the ink at the upper part of the Ink storage chamber and the coloration 

so of the image printed with the ink ©t the bottom of the Ink storage chamber. 

[0004] Upon studying the dlsperelblllty of the aqueous pigment Ink suitable as the Ink for color InkJet recording, the 
present Inventors have discovered that the sedimentary degree of the aqueous pigment Ink differs for each Ink color, 
and that certain colors of Ink tend to sediment more than other colors. Further discovered was that the sedimentation 
of certain odors Influenced the coloration of printed matter more then other colors. Therefore, If an Ink set prepared by 

25 combining various aqueous pigment Inks without consideration to the differences in the sedimentary degree or the Influ- 
ence to the coloration caused by such sedimentation Is stored In the Ink storage chamber of a printer for a long period 
of time, differences will arise in the sedimentary degree between the pigment ink of the various colore, and there won 
cases In which the color balance of the printed matter degenerated. 

[000S] While conducting an Intense study for a method of not degenerating the aforementioned color balance, the 
so present Inventors discovered that this problem can be resolved by combining selected inks upon providing a difference 
In altitude to the upper limit of the sedimentary degree of the respective inks In accordance with a certain fixed rule. The 
present Invention was devised pursuant to such discovery. 

SUMMARY OF THE INVENTION 

SG 

[0008] Accordingly, the present Invention relates to an aqueous pigment Ink set for color Inkjet recording, compris- 
ing: yellow Ink; cyanide Ink; and magenta ink; wherein the sedimentary degree of yellow Ink is 40% or less, the sedi- 
mentary degree of cyanide Ink Is 30% or less, and the sedimentary degree of magenta ink is 1 5% or less. 
[0007] The present Invention further relates to an aqueous pigment Ink set for color lnk|et recording, comprising: 
4o yellow ink; cyanide Ink; magenta Ink; and black Ink; wherein the sedimentary degree of yellow Ink Is 40% or less, the 
sedimentary degree of cyanide ink is 30% or less, the sedimentary degree of magenta Ink Is 15% or less, and the sed- 
imentary degree of black Ink Is 1 3% or less. 

[0008] The present Invention further relates to an aqueous pigment Ink set for color fn^ef recording, comprising; 
yellow Ink; cyanide Ink; magenta ink; and light cyanide Ink and/or tight magenta ink; wherein the sedimentary degree of 
4$ yellow Ink Is 40% or less, the sedimentary degree of cyanide Ink Is 30% or less, the sedimentary degree of light cyanide 
Ink Is 30% or less, the sedimentary degree of magenta Ink is 15% or less, end the sedimentary degree of light magenta 
Ink Is 15% or less. 

[0009] The present Invention further relates to an aqueous pigment Ink set for color inkiet recording, comprising: 
yellow Ink; cyanide Ink; magenta Ink; light cyanide ink and/or light magenta Ink; and black Ink; wherein the sedimentary 
so degree of ysllow Ink Is 40% or less, the sedimentary degree of cyanide ink is 30% or Jess, the 'sedimentary degree of 
light cyanide Ink Is 30% or less, the sedimentary degree of magenta Ink Is 15% or less, the sedimentary degree of light 
magenta ink is 15% or less, end the sedimentary degree of black Ink Is 15% or less, 

[0010] The present Invention further relates to an aqueous pigment Ink set for color Intyet reoordlng, comprising: 
green Ink and/or orange Ink; yellow Ink; cyanide Ink; and magenta ink; wherein the sedimentary degree of green Ink Is 
s$ 60% or less, the sedimentary degree of yellow Ink Is 40% or teas, the sedimentary degree of orange Ink Is 40% or less, 
the sedimentary degrea of cyanide Ink Is 30% or less, and the sedimentary degree of magenta Ink Is 15% or less. 
[0011] The present Invention further relates to an aqueous pigment Ink set for oolor inkjet recording, comprising: 
green Ink and/or orange Ink; yellow Ink; cyanide Ink; magenta Ink; and black Ink; wherein the sedimentary degree of 
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green Ink Es 60% or lass, the sedimentary degree of yellow Ink ts 40% or less, the sedimentary degree of orange Ink Is 
40% or lass, the sedimentary degree of cyanJda Ink Is 30% or less, the sedimentary degree of magenta Ink Is 15% or 
lass, and the sedimentary degree of black Ink Is 15% or less, 

[001 21 The present Invention further relates to a odor In^st recording method for recording Images by using the Ink 
$ sets mentioned above. 

[0013] The present Invention further relates to color in^et recorded matter having recorded thereon images using 
the ink sets mentioned above. 

[0014] The ©queous pigment Ink sets for color Ini^et recording (hereinafter simply referred to as the pigment ink 
set") of the present Invention are explained in detail below. 

10 [001 S] A pigment Ink set according to the present Invention comprises: yellow Ink; cyanide Ink; and magents ink; 
wherein the sedimentary degree of yellow Ink is 40% or less, the sedimentary degree of cyanide ink Is 30% or lees, and 
the sedimentary degree of magehta ink is 15% or less. According to this structure, the pigment Ink est of the present 
invention is capable of realizing printed matter superior in color balance es the Influence to the coloration of printed mat- 
ter caused by sedimentation is set appropriately. 

1& [0018] As Ink to be Included In the pigment Ink set of the present Invention, other than the requisite structural ele- 
ments of yellow Ink, cyanide ink, and magenta Ink, for example used may be black Ink, light cyanide Ink, light magenta 
ink, green ink, orange ink, end so on. Further, as Ink to be included In the pigment Ink set of the present invention, other 
than those mentioned above, used msy be red Ink, blue Ink, and so forth as necessary. 

[0017] The expression "sedimentary degree" used herein shall mean the degree of pigment particles that sediment 
so when Ink Is placed still. Specifically, as explained In ths Examples described later, the sedimentary degree may be 
measured with the following method. 

[0018] One hundred and ten milliliters of Ink is put Into a sample bottle having an inside diameter of 30 mm, and the 
bottle is placed still standing with care so es not to Inflict vibration thereto, immediately after piecing the bottle, 10 ml of 
the uppermost layer of the Ink Is sampled, end the Initial abaorbency b measured. Then, after having left the bottle still 
2$ standing for 6 months. 1 0 m5 erf the uppermost layer of the ink is sampled, and the absorbancy after placement is meas- 
ured. The sedimentary degree can be calculated from the following formula (1); 

P ■ 100 x <A-8)/A (1) 

so [0019] Here, P Is the sedimentary degree (%). A is the Initial absorbancy, and B Is the absorbancy after placement. 
[0020] In the present Invention, the sedimentary degree of the respective Inks may be adjusted by appropriately 
selecting the type and amount of dlspemant to be used in accordance with the type and partids size of the pigment to 
be used. 

[0021] Further, the sedimentary degree of the respective Inks may also be adjusted by appropriately controlling the 
$$ particle size of the pigment to be used, type of dispersion apparatus to be used, method of classification treatment, dis- 
persion time (agitation time of the mixture containing the pigment and dlapersant), etc, 

[0022] Without particular restrictions other than the point of the aforementioned sedimentary degree, arbitrary pig- 
ments (i.e., inorganic pigments and/or organic pigments) and arbitrary dlspersants may be used as the pigment and dis- 
ponent In the present Invention, 
40 [0023] Even upon using an Ink set preserved within the ink storage chamber tor a long period of time until printing, 
the color Image obtained with the method of recording Images using the pigment ink set of the present Invention is 
capable of making the degeneration of color balance of the overall color image visually Inconspicuous as differences In 
the shading between the respective Inks will not arise easily. 

[0024] Moreover, the color InkJet recorded matter having recorded thereon Images using the pigment Ink sets of the 
<ss present Invention Is prominent in that the color balance of the overall color Image is well balanced. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0025] The pigment ink set of the present Invention Is now explained In detail pursuant to the preferred embodi- 
90 ments hereof. 

[0023] The pigment Ink set accordEng to the first embodiment of the present Invention Includes at least yellow Ink, 
cyanide Ink, end magenta Ink. In this Ink set, the sedimentary degree (Y) of yellow Ink Is 40% or less, preferably 30% 
or teas; the sedimentary degree (C) of cyanide Ink Is 30% or less, preferably 20% or less; and the sedimentary degree 
(M) of magenta Ink is 15% or less, preferably 10% or less. In this Ink set, It Is preferable that the sedimentary degree 
s$ (M) of magenta ink, the sedimentary degree (C) of cyanide Ink, and the sedimentary degree (Y) of yellow Ink satisfy the 
following relationship: 

M<C<Y 
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[0027] - Further, In the Ink sot of the first embodiment, ft Is preferable that yellow ink, cyanide Ink, end magenta Ink 
Have sedimentery degrees in the order conforming to the differences In altitude of their respective lightness. 
[0028] Therefore, If the lightness of these inks become yellow Ink > cyanide Ink > magenta Ink In this order from 
high to tow, the sedimentary degree of the respective Inks are set to be toe same as the order of such lightness. In other 
s words, here, by setting the sedimentary degree o? the respective Inks to be yellow ink > cyanide ink > ms gents &ik In 
this order from high to low, the effects of the present invention sro Improved. 

[0020] The term "lightness" used herein shaD Indicate the L° In the L*e*b° color system set forth by CIE (Commis- 
sion Intemetlonele de PEcIalrege) tn 1978, and shall mesh the brightness of printed matter (Images) upon printing on 
recording media with the seme printing duty. 

10 [0030] The pigment Ink set according to the second embodiment of the present Invention Includes at least yellow 
Ink, cyanide Ink, magenta Ink, end black Ink. In this Ink set, the sedimentary degree (Y) of yeitew Ink Is 40% or less, pref- 
erably 30% or less; the sedimentary dagree (C) of cyanide ink is 30% or less, preferably 20% or lorn; the sedimentary 
degree (M) of magenta ink fs 15% or less, preferably 10% or less; and the sedimentary degree (K) of black ink is 15% 
or less, preferably 5% or less. In this Ink set, it Is preferable that the sedimentary degree (M) of magenta Ink, the sedl- 

is mentary degree (C) of cyanide Ink. the sedimentary degree (Y) or? yellow Ink, and the sedimentary degree (K) of black 
Ink satisfy the following relationship: 

KGM«C<Y 

30 [0031] Further, similar to the reason of the Ink set described In the first embodiment, In the Ink set of the second 
embodiment, It is preferable that yellow ink, cyanide Ink, magenta Ink, end black Ink have sedimentary degrees in the 
order conforming to the differences In altitude of their respective lightness. 

[0032] The pigment Ink sat according to the third embodiment of the present Invention Includes at least magenta 
ink, cyanide Ink, yellow ink, and light magenta Ink and/or light cyanide ink. In this ink set, the sedimentary degree (Y) of 
u yellow Ink Is 40% or tess, preferably 30% or less; the sedimentary degree (C) of cyanide Ink Is 30% or fess, preferably 
20% or less; the sedimentary degree (Lc) of light cyanide Ink is 30% or less, preferably 20% or less; the sedimentary 
degree (M) of megenta Ink Is 15% or less, preferably 10% or less; and the sedimentary degree (Lm) of light magenta 
Ink is 15% or less, preferably 10% or less. 

[0033] In this Ink set, It Is preferable that the sadimentsry degree (EVl) of magenta Ink. the sedimentary degree (Lm) 
so of light magenta Ink, the sedimentary degree (C) of cyanide Ink, the sedimentary degree (Lc) of light cyanide tnk, and 
the sedimentary degree (Y) of yellow Ink satisfy the Iblfowfng relationship: 

LmsM<Lc53C<Y 

3* [0034] Moreover, the aforementioned "light magenta" means a light shade of magenta, and tie aforementioned 
"light cyanide* means a light shade of cyanide. The light magenta Ink used in this Invention, In comparison to ordinary 
methods, for example, can be prepared easily by reducing the amount of plgmant content to be used En the preparation 
of magenta Ink. The light cyanide Ink used in this invention also, In comparison to ordinary methods, for example, can 
be prepared easily by reducing the amount of pigment content to be used in the preparation of cyanide Ink. 

40 [0035] The pigment ink set according to the fourth embodiment of the present Invention Includes at least magenta 
Ink, cyanide Ink. yellow lnk f light magenta Ink and/or light cyanide Ink, and Mack ink. in this Ink set, the sedimentary 
degree (Y) of yellow Ink Is 40% or less, preferably 30% or less; the sedimentary degree (C) of cyanide ink la 30% or 
less, preferably 20% or less; the sedimentary degree (Lc) of light cyanide Ink Is 30% or less, preferably 20% or less; the 
sedimentary degree (M) of magenta Ink Is 15% or less, preferably 10% or less; the sedimentary degree (Lm) of light 

4$ magenta Ink is 15% or less, preferably 10% or less; and the sedimentary degree (K) of black ink is 15% or less, prefer- 
ably 5% or lees. 

[0030] In this ink set, It is preferable that the sedimentary degree (K) of black Ink, the sedimentary degree (M) of 
magenta Ink, the sedimentary degree (Lm) of light magenta ink, tfie sedimentary degree (C) of cyanide Ink, the sedi- 
mentary degree (Lc) of light cyanide Ink, and the sedimentary degree (Y) of yellow Ink satisfy the following relationship: 

30 

KSLmSM«Lc3C<Y 

[0037] The pigment Ink set according to the fifth embodiment of the present Invention Includes at least magenta Ink, 
cysnlde ink, yellow ink. green ink, and orange Ink. In this Ink set, the sedimentary degree (G) of green ink is 60% or less, 
S3 preferably 50% or less; the sedimentary degree (Y) of yellow Ink Is 40% or less, preferably 30% or less; the sedimentary 
degree (O) of orange Ink is 40% or teas, preferably 30% or less; the segmentary degree (C) of cyanide Ink Is 30% or 
less, preferably 20% or less; and the sedimentary degree (M) of magenta ink is 1 5% or less, preferably 10% or less. In 
this Ink set, it is preferable that the sedimentary degree (M) of magenta Ink, the sedimentary degree (C) of cyanide Ink. 
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the sedimentary degree (O) of orange Ink, the sedimentary degree (Y) of y&Ilow ink, and the sedimentary degree (G) 
of green Ink satisfy the following relationship: 

M«C«OE5Y«G 

§ 

10038] The pigment Ink set according to the slxih embodiment of the present Invention Includes at least magenta 
Ink, cyanide Ink, yellow Ink, green Ink, orange Ink, and black ink. In this Ink set, the sedimentary degree (Q) o? green ink 
is ©0% or less, preferably 50% or less; the sedimentary degree (Y) of yeDow ink is 40% or less, preferably 30% or less; 
the sedimentary degree (O) of orange Ink is 40% or less, preferably 30% or less; the sedimentary degree (C) of cyanide 
io Ink Is 30% or less, preferably 20% or less; the sedimentary degree (M) of magenta Ink Is 15% or less, preferably 10% 
or (ess; and the sedimentary degree (K) of black Ink Is 15% or less, preferably 5% or less. 

[0039] In this Ink set, It Is preferable that the sedimentary degree (M) of magenta Ink. the sedimentary degree (C) 
of cyanide ink, the sedimentary degree (O) of orange Ink, the sedimentary degree (Y) of yellow ink. the sedimentary 
degree (G) of green ink, snd the sedimentary degree (K) of black ink satiety the following relationship: 

16 
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[0040] In the aforementioned first to sixth embodiments, the sedimentary degree of the respective inks may be 
adjusted by appropriately selecting, from preferable examples and ranges described later, the type and amount of dis- 

20 persant to be used In accordance with the type and particle size of the pigment to be used. 

[0941] As pigments of the respective inks conforming to the pigment ink sets of the aforementioned first to sixth 
embodiments, in addition to titanium oxide and Iron oxide as Inorganic pigments, used may be carbon black manufac- 
tured wfih well-known methods such as the contact method, furnace method, or tfiermal method. Further, as organic 
pigments, used may be aao pigments (Including asolake, Insoluble azo pigments, condensed azo pigments, ehelate @zo 

23 pigments, etc.), polycydlc pigments (©.g,, phthalocyanine pigments, perylene, pigments, berynone pigments, 
anthraqulnone pigments, qulnacrtdone pigments, dloxygen pigments, thioindigo pigments, Isoindcllnone pigments, end 
quinophthalone pigments), dye chelates (e.g„ basic dye chelates and acidic dye chelates), nltro pigments, nitroso pig- 
ments, aniline black pigments, end so on. 

[0042J As pigments of the respective inks especially conforming to the pigment Ink sets of the aforementioned first 
so to sixth embodiments, used are the following pigments. 

[0043] C.I. pigment yellow 74, 109, or 110 is used as the yellow pigment; CI. pigment red 122 is used as the 
magenta pigment; CXI. pigment blue 15:3 Is used as the cyanide pigment; CI. pigment black 7 Is used as the block pig- 
ment; C.I. pigment orange 36 or 43 Is used as the orange pigment; and CI. pigment green 7 or 36 is used as the green 
pigment. 

35 [0044] With respect to the particle size of the pigment, the cumulative average diameter Is preferably 
0.0lnm-0.25nm ( and more preferably 0.05Mm-0.?M,m. The expression "cumulative average diameter" Is, upon seeking 
ahe cumulative curve of the particle size when the overall volume of the aggregate of subject particles is 100%, the 
diameter when such cumulative curve Is 50%. This cumulative average diameter is sometimes referred to es the centra! 
diameter or media diameter, and Is generally used es the average diameter of dispersed particles such as pigment dis- 

40 persed liquids and so on. 

[0049] In the first to sixth embodiments, K Is preferable to prepare Ink from pigment dispersed liquids obtained from 
dispersing the pigments with dispersants. As a preferable dispersant. used mey bo well-known dispersants; for exam- 
pie, macromplecular dispersants or surface active agents, utilized for preparing conventional pigment dispersed liquids. 
[0S4S] As macromolecular dispersants, used may be natural macromolecular compounds; for example, proteins 

<s such as glue, gelatin, casein and albumin; natural rubbers such as gum arable snd tragacanth gum; glucoside such as 
saponin; alglnlc acid derivatives such ©s aiginic acid, elglrtc acid propyienegtycoi ester, trlethanolamlne alginate, and 
ammonium alginate; and cellulose derivatives such as methyloedulose, carboxymethylcellulose, hydroxyethytcallulose, 
end ethyfhydroxyethytcellulose. 

[0047] Moreover, synthetic macromolecular compounds may be used as macromolecular dspersants. As such 
so synthetic macromolecular compounds, for example, used may be polyvtnylalcohol; polyvinylpyrrolidone; acryflc re9ln 
and its derivatives such as polyacryllc acid, acrylic acld-acryionKrile copolymer, potassium acrylate-acrylonitrile copol- 
ymer, vinyl acetate-acrylate ester copolymer* and acrylic acid-alkyl acrylate ester copolymer; styrene-ecryllc add resins 
such as styrane-acrylic acid copolymer, styrene-methacryito acid copolymer, styrene-methacryllc acid-acrylic alkyl 
ester copolymer, and stryene- a -methylstyrene-acryiic acld-ecryllc alkyl ester copolymer; styrene-malelc add; atyrene- 
55 maleic anhydride; vtnyinaphthalene-acryllc acid copolymer; vlnylnaphthalene-mateic add copolymer; and vinyl acetate 
copolymers such as vinyl acetate-ethylene copolymer, vinyl acetate-fatty acid vlnyi ester-ethyfene copolymer, vinyl ©ce- 
tate-malelc add ester copolymer, vinyl acetate-crotonic acid copolymer, and vinyl acetate-acrylic acid copolymer; and 
the salts thereof. 
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[0048] Among the above, particularly preferable are copolymers termed from monomsre having a hydrophobic 
group end monomsrs having a hydrophific group, and polymers formed from monomers having both a hydrophobic 
group and hydrophlllc group. As the afarementkmsd salts, used may be salts composed of the Dkes of cBethyiamine. 
ammonia, athytemlno, triethylamine, propylamine, Isopropylamlne, d]prepylam!ne. butylamlne, Isobutytamlne, trtefli- 
§ enoiamtoe, (Sethanolamlne, amlnomethytpropand, and morpholine. The weight-average molecular weight of these 
copolymers is preferably 3,000-30.000, end mora preferably 3,000-15,000. 

[0069] Furthermore, surface active agents preferable as disponents are, for example, anionic surface active agents 
such as fatty acid salt higher elkylcerfcooxyllc acid salt, higher alcohol sulfuric acid ester salt, higher alkylsulfonlc add, 
condensation product of higher flatty add and amino acid. suWosucclnlc add eater salt, naphthenlc add salt, liquid fatty 

w oil sulfuric edd ester salt, end elkyleJfyleuffonlc add salt; catkmic surface active agents such as fatty add amino salt, 
quaternary ammonium salt, suJfonium salt, and phosphonlum; and nonlontc surface active agents such as polyoxyeth- 
ylene alkyl ©ther, potyoxyethylene alkyl ester, edbfian alkyle ester, and polyo>tyethylenesolblt©n alkyl ester. 
[0050] The additive amount of these dlspersants is, to 1 part by weigh! of pigment, preferably In the range of 0.06-3 
parts by weight, and more preferably In the range of 0.125-3 parts by weight. 

is [0051] In addition, It Is preferable that the respective inks utilized In the pigment Ink sets of the first to sixth embod- 
iments include a wetting agent As preferable examples of such wetting agents, there are dlethyleneglycd, pdyethyl- 
eneglycol, pdypropyieneglycol, ethyteneglycol, propylenegtyod, butyleneglycol, trtethylaneglycol, 1, 2, 6-hexanetrld, 
thloglycol, hexyleneglycd, glycerine, trimethylolethane, trtmethyiolprepane, urea, 2-pyreildone, N-methyl-2-pyroIldane t 
and 1, ^tilmethy-S-lmldazoIldlnone, More preferably, used are those having en ethylene oxide group, and most prefer- 

so ably, used is diethytene glycol. 

[0053] In addition to these wetting agents, it is preferable to further add & low boiling point organic solvent to the 
respective Inks. As preferable examples of such low boiling point organic solvents, there are methanol, ethanol, n-pro- 
pand, iso-propanol, n-butand, sec-bufand, tert-butand, iso-butanol, n-pentsnol, ethyleneglyool monomethyl ether, 
ethyieneglyool monoethyl ether, diethyfeneglycol monomethyl ester, dlethylaneglycd monoethyl ether, triethyleneglycol 

26 monomethyl ether, triethyienegtyed monoethyl ether, and particulsriy preferable Is monohyydrtc alcohol, 

[0053] The appropriate additive amount of these wetting agents la 0,5-40% by weight of Ink, end preferably 2-20% 
by weight of ink. Moreover, the appropriate additive amount of low boiling point organic solvents Is 0.5-10% by weight 
of Ink, and preferably 1.5-6% by weight of Ink. 

[00S4J The respective inks utilised for the pigment Ink sets of the firet to sixth embodiments may Include a surfece- 
80 active agent. As preferable examples of surface active agents, there are anionic surfece«actlve agents (e.g., sodium 
dodecylbenzenesuifonste, sodium laurate, ammonium po|yoxyethylenealky!©thereuIfete), nonlonlc surface active 
agents (e.g., pdyoxyethylene alkyl ether, polyethylene alkyl ester, poiyoxyetfylene solbltan fetty acid ester, polyox- 
yethybne slkylphenyl ether, pdyoxyethylene slkyiamlne, pdyoxyethylene alkylamide), and these may be used Inde- 
pendently or In a mixture of two or more types of agents. It is further possible to use aoetyleneglycd (Olefin Y. Sidfind 
35 82, 104, 440, 465, 433, and TG [ail manufactured by Air Products and Chemicals Inc.}). 

[0055] The respective Inks utilized In the pigment ink sets of the first to sixth embodiments may also indude sac- 
charides. As examples of such saccharides, there are monosaccharides, dlsaocharides, oligosaccharides (indudlng 
trisaccharides and tetraseccharides) and polysaccharides. Preferably used ©r© glucose, mannose, fructose, rtbose, 
xylose, arablnose, galactose, aldonlc add, glycyseal, sorbitol, maltose, oellobEose, lactose, sucrose, trehalose, and 
4o maltotriose. fnduded In the aforementioned polysaccharides are slginic acid, a-cydodextrln, end cellulose. 

[0058] As derivatives of these saccharides, there are redudng sugars of such saccharides; for example, sugar 
alcohol, sugar oxide (e.g.. aldonlc add, uronlc add), amino add, and thlo sugar Particularly preferable Is sugar alcohd f 
and maltltd, sorblid, etc. are specific examples thereof. 

[0037] The content of these saccharides Is preferably 0. 1 -40% by weight of ink, and more preferably 0.5-30% by 
4* weight of Ink. 

[0053] The respective Inks utilized far the pigment ink sets of the first to sixth embodiments may also IncEude a resin 
emulsion. The term n resEn emulsion" means an emulsion wherein the continuous phase Is water, and the ofepersion 
phase may be the likes of the following resin compositions. As resin compositions of the dispersion phase, there are 
acrylic resins, vinyl acetate resins, styrene-butadlene resins, vinyl chloride rosins, acryllc-styrene resins, butadiene res- 
so ins, and styrene resins. 

[0039] According to the mode particularly conforming to the first to sixth embodiments, It is preferable that the 
above-mentioned resin Is a polymer having both hydnophilic and hydrophobic portions. Further, although there Is no 
particular restriction on the parttde stee of these resin compositions i^5on forming an emulsion, the particle size is pref- 
erably 150nm or less, and more preferably 6-100nm> 
6$ [0030] These resin emulsions may be obtained by emulsifying and polymerizing monomers In water as necessary 
with a surface-active agent. For example, emulsions of acrylic resins or styrene-acryilc resins may be obtained by emul- 
sifying and polymerizing (meta) acrylic acid ester or styrene, (meta) acrylic add ester, and (meta) acrylic acid in water 
with a surface-active agent. It Is preferable that the proportion of mixing the resin composition and the surface-active 
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agent ordinarily be 1000:1-10:1. Favorable water resistance and permeability o? Ink can be obtained when the amount 
of surfece-sctiYQ agent used is less within the aforementioned range. Although there Is no particular restriction on the 
surface-active agent, preferable examples are en ton surface-active agents (eg., sodium dodocylbenzenesuifonBte, 
sodium laurate, ©mmorfum potyoxyethyleneelkylethersuffete), nonlorJc surface-active agents (e.g«, polyt&yethylene 
g alky! ether, pofyoxyethylene efttyl ester, potyoxyethylene eolbftan fatty acid ester, pdyoxyethytenealkylphenylether, poly- 
oxyQthyl©no aikyl amine, pofyoxyethytene alkyl amide), and these may be used Independently or In a mixture of two or 
more types of agents. It Is further possible to use acetyleneglyool (Olefin Y, and Sufflnol B2 t 104, 440, 465, and 485 [all 
manufactured by Air Products and Chemicals Inc.]). 

[0061] An appropriate proportion of resin as the dispersion phase component and water shad be In the range of 
to water 60-400 parts by weight, preferably 100-200 parts by weight, based on resin 100 parts by weight. 

[0082] As the rosin emulsions described above, used may be those conventionally known. For example the 
respective resin emulsions described In Japanese Patent Publication No, 62-1426, Japanese Patent Laid-Open Publi- 
cation No. 3-56573, Japanese Patent Laid-Open Publication No. 3-79678, Japanese Patent Lsld-Open Publication No. 
3-160068, and Japanese Patent La Ed- Open Publication Ma 4-18462 may be used as is. 
is [0003] Moreover, resin emulsions on the market may atso be used. For example, used may be Mlcregel E-1 002, E- 
5002 (styrene-acryllc resins emulsion; manufactured by Nippon Paint Co,, Ltd.), Vonooat 4001 (acrylic resins emulsion; 
manufecfcured by Dalnlppon Ink and Chemicals, Incorporated). Voncoat 5454 (styren^acryllc resins emulsion; manu- 
factured by Dalnlppon Ink and Chemicals, Incorporated), SAE 1014 (styrene-acryllo resins emulation; manufactured by 
Nlhon Zeon K.K.), and Cyblno! SK-200 (acrylic resins emulsion; manufactured by Saiden Chemical K.K). 
so [00(34] The respective Inks utilised for the pigment Ink sets of the first to sixth embodiments may also Include, as 
necessary* pH regulation agents, antiseptics and/or mildew-proof agents. 

[0059] The respective Inks utilised for the pigment Ink sets of the first to sixth embodiments may be prepared by dis- 
persing and mixing the aforementioned compositions with an appropriate method. Preferably; e mixture having 
excluded therefrom organic solvents and volatile compositions Is mixed with en appropriate dlspetw (e.g«, ball mill, 
ss sand mfli, atrlghtar, rdl mill, ejgitator mill, Henshell mixer, colloid mill, supersonic homogenlser. |et mill, ong mil) and 
made Into a homogeneous composition, and organic solvents and volatile compositions are added thereto. Thereafter, 
It Is preferable that the composition obtained above Is subjected to filtering (preferably a decompressed or compressed 
Alteration using a metal fitter, membrane filter, etc.) or centrffugatlon for removing the large particles and foreign matter 
which are causes of clogging. 

so 

[Examples] 

[0066] The present invention is now explained In detail with reference to the examples. These examples, however, 
shall not limit the scope of this Invention in any way, 

ss 

(Examples 1-16 and Comparative Examples 1-11) 

[0087] Sixteen types of Ink (Ink 1-16) Were prepared from the compound compositions listed below. 
40 Compound Compositions: 
[0066] 

pigment (specifically described In Table 1) 
4* amount described In Table 1 (% by weight) 

styrene-acryJIc acid copolymer 

amount described In Table 2 (% by weight) 

sucrose - 0.7% by weight 

multithorite - 6*3% by weight 
so glycerine - 1 5% by weight 
« 2-pyrolWone - 2% by weight 

offlne E1 0 1 0 - 1 % by weight 

pure water - remaining amount 

es [0039] Specifically; the pigment and dispersant (styrene-acryllc acid copolymer) were mixed, and then dispersed for 
2 hours In s sand mill (manufactured by Yasukawa Selsakusho) together with glass beads (diameter » 1.7 mm; 1.5 
times the weight of mixture). Thereafter, the glass beads were removed, other compound compositions were added, 
and aggregated for 20 minutes at room temperature. Finally, Ink was obtained by subjecting this result through a menrv 
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brane filter of 5ym. The type, amount, end color of the pigments used ere shown In Table 1 below. 


(Table 1| 



Pigment Type 

Concentration 

Color 

Ink 1,9 

. carbon black 

2.5% by weight 

black 

ink 2, 10 

pigment yellow 74 

3.6% by weight 

yellow 

Ink 3,11 

pigment magenta 122 

3.0% by weight 

magenta 

Ink 4,12 

pigment cyanide 15:3 

2.0% by weight 

cyanide 

ink5 ( 13 

pigment magenta 122 

0.75% by weight 

L-magenta 

Ink 6, 14 

pigment cyanide 15:3 

0.5% by weight 

L-cyanlde 

ink 7, 15 

pigment orange 43 

3.5% by weight 

orange 

Ink 8. 16 

pigment green 7 

3,5% by weight 

green 


[0070] The amount of dlspensant (styrene-acryllc acid copolymer) used la shown In Table 2 below. 

so 

[Table 2] 



Concentration of Dlsper- 
sant 

Ink 1 

0.5% by weight 

ink 2 

0.7% by weight 

Ink 3 

0.6% by weight 

Ink 4 

0.4% by weight 

Ink 5 

0.15% by weight 

Ink 6 

0.1% by weight 

Ink 7 

0,7% by weight 

Ink 8 

0 J% by weight 

Ink 9 

0.25% by weight 

Ink 10 

0.35% by weight 

Ink 11 

0.3% by weight 

ink 12 

0.2% by weight 

Ink 13 

0.075% by weight 

Ink 14 

0.05% by weight 

ink 15 

0.35% by weight 

Ink 16 

0.35% by weight 


go (Material Evaluation) 

(1) Measurement of Sedimentary Degree 

[0071] One hundred and ten milliliters of Ink was put Into a sample bottle having an Inside diameter of 30 mm, and 
66 the bottle was placed still standing with care so as not to be Inflicted with vibration. Immediately after having placed the 
bottle, 10 ml of the uppermost layer of the Ink was sampled, and the Initial absorb a noy (A) was measured. Then, after 
having left the bottle still standing for 6 months, 10 ml of the uppermost layer of the Ink was sampled! and the absorb- 
ancy (B) after placement was measured. The sedimentary degree (?) was calculated from the following formula (1): 
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P = 100 X (ArB)/A (1) 

[00721 Here, as mentioned above, P Is the sedimentary degree (%) ( A ts the Initial absorbancy, and B Is the absorb- 
ancy after plaoement. 

5 

(2) Coloration of Printed Matter 

[0073] The respective Inks wore filled Into the Inkjet printer MJ 8000C (manufactured by Seiko Epson Corporation), 
and printing was conducted to the following two types of printing media, Moreover, the print duty Is as shown In Table 
10 3. This sample was made the Initial sample, 

[0074] The following two types of printing media were used: 

Glossy film for Inkjets 

(manufactured by Seiko Epson Corporation) 

i$ 

Super fine paper for Inkjets 
(manufactured by Seiko Epson Corporation) 

[0075] Next, the power of the printer was turned off In the aforementioned state and left still standing for 6 months 

20 with the Ink cartridge Installed therein. 

[0076] Six months later, solid printing was conducted to 1 0 sheets of A4 size paper at 1 00% duty With this printing, 
the Ink sequestrated between the Ink cartridge and the head will be discharged entirely, and the head will be filled with 
the Ink supplied from the Ink cartridge, Printing was conducted In this state to the same printing media as with the Initial 
sample, and was made the print sample after the six-month standstill. 

25 [0077] After printing, the respective coloration of the Initial sample and the print sample after the six-month standstill 
were measured with the Gretag 5PM50 (Gretag Corporation)* and the color difference (AE) was sought with the follow- 
ing formula (2): 

AE = V[ (L- a -L*^ 2 + (a* 2 -a^) 2 + (b« 2 . b%) 2 ] (2) 

30 

(Here, L* Is the lightness of the printed matter; a* and b* are parameters respectively representing the chroma and hue 
of the printed matter; and reference numerals 1 and 2 respectively Incficate the initial sample and the print sample after 
the six-month standstill.) 

[0078] The results of the above were evaluated In three levels In accordance with the standards below, and the 
9$ results thereof are shown In Table 3. 

Evaluation Level A: Color difference Is less than 3, 

Evaluation Level B: Color difference te more than 3, less than 6. 

Evaluation Level C: . Color difference te more than 6. 


[Table 3] 


65 



Ink (print duty %) 

Evaluation 1 

Evaluation 2 



Sedimentary Degree (%) 

Glossy 
Film 

Super Fine 
Paper 

Example 1 

Ink 1 (100%) 

15% 

A 

A 

Example 2 

Ink 2 (100%) 

40% 

A 

A 

Example 3 

Ink 3 (100%) 

15% 

A 

A 

Example 4 

Ink 4 (100%) 

30% 

A 

A 

Example 5 

Ink 5 (100%) 

15% 

A 

A 

Example 6 

ink 6 (100%) 

30% 

A 

A 

Example 7 

Ink 7 (100%) 

40% 

A 

A 

Example 8 

Ink 8 (100%) 

60% 

A 

A 
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pbble 3] (continued) 



Ink tnrini Huh/ 9L\ 
ini\ \prini auiy m) 

evaluation i 

Evaluation 2 



Sedimentary Degree (%) 

Glossy 
Film 

Super Fine 
Paper 

Cnillllwla w 

ink 9 /9fl4C\ 4- ^ f9n%.) a 

4 (20%) 


A 

A 


Ink 9 S9flQCt X 6 /Cfiftl\ a 

6 (50%) 


A 

A 

Example 11 

ink 7 (20%) + 8 (20%) 


A 

A 

Example 12 

Ink 1 (20%) ♦ 2(20%) + 
3 (20%) + 4 (20%) 


A 

A 

Example 13 

Ink 2 (10%) + 3 (10%) + 
4 (10%)* 5 (50%) + 6 
(50%) 


A 

A 

Example 14 

ink 1 (10%) + 2 (10%) + 
3 (10%) +4 (10%) + 5 
(40%) + 6 (40%) 


A 

A 

Example 15 

Ink 2 (20%) + 3 (20%) + 
4 (20%) + 7 (20%) +8 

/AAA/ V 


A 

A 

CAalTipiC ID 

Ink 4 iO(\OL.\ x ^ /9ftOA\ _L 

inK 1 + 2 \ZU70) + 

3 (20%) + 4 (20%) + 7 
(20%) + 6 (20%) 


A 

A 

Comparative Example 1 

Ink 9 (100%) 

25% 

B 

A 

Comparative Example 2 

Ink 10(100%) 

50% 

C 

B 

Comparative Example 3 

Ink 11 (100%) 

25% 

B 

B 

Comparative Example 4 

Ink 12 (100%) 

40% 

C 

B 

Comparative Example 5 

Ink 13 (100%) 

25% 

B 

B 

Comparative Example 6 

Ink 14 (100%) 

40% 

B 

B 

Comparative Example 7 

Ink 15 (100%) 

60% 

B 

B 

wvtl if/ai allva CJUslTKJie Q 

inK lo \ lUOTft) 

-r AO/ 

70% 

c 

C 

Comparative Example 9 

ink 10 (20%) + 11 (20%) 
+ 12(20%) 


c 

C 

Comparative Example 10 

Ink 10 (20%) +13 (50%) 
+ 14(50%) 


c 

c 

Comparative Example 11 

ink 15 (20%) + 16 (20%) 


c 

B 


[0079J Furthermore, in Table 3, Examples 1 -8 are tests of the respective inks utilized tor the pigment Ink sets of the 
present invention, Examples 10 and 11 are respectively tests of Ink sets arbitrarily utilizing a plurality of such Inks, and 
Examples 9 and 12-16 are examples of the pigment Ink sets of this Invention. 

[0080] Conventional aqueous pigment Ink sets for color Inkjet recording had problems wherein differences In the 
sedimentary degree between the pigment Inks of the respective colore would arise, and the color balance of the printed 
matter would thereby degenerate. Contrarily, with the aqueous pigment Ink sets tor color InkJet recording of the present 
Invention, the aforementioned drawback can be resolved by controlling the sedimentary degree of the respective Inks 
to be below a certain fixed value and combining such Inks. 
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Clalmo 

1. An aqueous pigment Ink set for color InkJet recording, comprising: yellow Ink;, cyanide Ink; end magenta Ink; 
wherein the sedimentary degree of yellow Ink Is 40% or less, the sedimentary degree of cyanide Ink Is 30% or less, 
and the sedtmentary degree of magenta Ink is 15% or less. 

2. An aqueous pigment Ink sot for color InkJet recording according to claim 1 r wherein the segmentary degree of cya~ 
nlde Ink Is lower than the sedimentary degree of yellow Ink, and the sedimentary degree of magenta Ink Is lower 
than the sedimentary degree of cyanide Ink. 

3. An aqueous pigment Ink set tor odor InkJet recording according to claim 1, wherein yellow Ink, cyanide Ink, and 
magenta Ink have sedimentary degrees in the order conforming to the differences In altitude of their respective 
lightness. 

4 An aqueous pigment Ink set for color Ihtyet recording according to any one of claims 1 to 3, wherein the colorant for 
yellow Ink Is CI. pigment yellow 74, CI. pigment yellow 109, or CI. pigment yellow 1 10; the colorant for cyanide Jnk 
Is CI. pigment blue 15:3; and the colorant for magenta Ink Is CI. pigment red 122. 

S. An aqueous pigment ink set for color InkJet recording, comprising: yellow Ink; cyanide Ink; magenta ink; and black 
Ink; wherein the sedimentary degree of yellow Ink Is 40% or less, the sedimentary degree of cyanide Ink Is 30% or 
less, the sedimentary degree of magenta Ink Is 1 6% cr less, and the sedimentary degree of black ink is 1 5% or less. 

®> An aqueous pigment Ink set for color InkJet recording according to claim 5, wherein the sedimentary degree of cya- 
nide ink is lower than the sedimentary degree of yellow Ink, and the sedimentary degree of magenta Ink end black 
Ink Is tower than the sedimentary degree of cyanide Ink. 

7. An aqueous pigment ink set for color InkJet recording according to claim 5, wherein yellow Ink, cyanide Ink, magenta 
ink, and black Ink have sedimentary degrees in the order conforming to the differences in altitude of their respective 
lightness. 

8. An aqueous pigment ink set for color InkJet recording according to any one of claims 5 to 7, wherein the colorant for 
yellow ink is CI. pigment yellow 74, CI. pigment yellow 109, or CI. pigment yellow 110; the colorant for cyanide Ink 
Is CI. pigment blue 15:3; the colorant for magenta Ink Is CI. pigment rod 122; and the colorant for black Ink Is car- 
bon black. 

9. An aqueous pigment Ink set for color InkJet recording, comprising: yellow Ink; cyanide Ink; magenta Ink; and light 
cyanide Ink and/or light magenta Ink; wherein the sedimentary degree of yellow Ink Is 40% or less, the sedimentary 
degree of cyanide ink is 30% or less, the sedimentary degree of light cyanide Ink Is 30% or less, the sedimentary 
degree of magenta Ink Is 15% or less, and the sedimentary degree of light magenta ink Is 15% or less. 

1 0. An aqueous pigment Ink set for color InWet recording according to claim 9» wherein the sedimentary degree of cya- 
nide Ink and light cyanide ink is lower than the sedimentary degree of yellow Ink, and the sedimentary degree of 
magenta Ink and light magenta Ink Is lower than the sedimentary degree of cyanide Ink and light cyanide Ink. 

1 1 . An aqueous pigment Ink sat for color inlqet recording according to claim 9 or claim 1 0. wherein the colorant for yel- 
low Ink is CI. pigment yellow 74, CI . pigment y&llow 109. or CI. pigment yellow 1 1 0; the colorant for cyanide Ink is 
CI. pigment blue 15:3; the colorant for light cyanide ink is CI. pigment blue 15:3; the colorant for magenta ink is 
CI. pigment red 122; and the colorant for light magenta Ink Is pigment red 122. 

12. An aqueous pigment ink set for color InkJet recording, comprising: yellow ink; cyanide Ink; magenta Ink; light cya- 
nide Ink and/or light magenta Ink: and black ink; wherein the sed&nentary degree of yellow ink is 40% or less, the 
sedimentary degree of cyanide Ink Is 30% or less, the sedimentary degree of light cyanide Ink Is 30% or less, the 
sedimentary degree of magenta Ink Is 1 5% or less, the sedimentary degree of light magenta Ink is 1 5% or less, and 
the sedtmentary degree of black Ink Is 15% or less. 

13. An aqueous pigment Ink set tor color Inkjet recording according to dalm 12, wherein the sedimentary degree of 
cyanide Ink and light cyanide Ink Is lower than the sedimentary degree of yellow Ink, end the sedimentary degree 
of magenta Ink, light magenta Ink, and black Ink Is lower than the sedimentary degree of cyanide ink and light eye- 
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ntde ink. 

14, An aqueous pigment Ink set for odor InkJet recording according to claim 12 or claim 13, wherein the colorant for 
yellow Ink Is CI. pigment yeOow 74, CXI. pigment yellow 109, or CI. pigment yellow 1 10; the colorant for cyanide ink 
Is C.I. pigment blue 15:3; the colorant for light cyanide Ink Is CI. pigment blue 15:3; the colorant for magenta Ink la 
C.I. pigment red 122; the colomnt for light magenta Ink Is pigment red 122; and the colorant for black Ink Is carbon 
black. 

1 9, An aqueous pigment ink set for color intsfet recording, comprising: green ink and/or orange Ink; yelow Ink; cyanide 
Ink; and magenta Ink; wherein the sedimentary degree of green Ink Is 60% or less, the sedimentary degree of yel- 
low ink is 40% or less, the sedimentary degree of orange Ink Is 40% or less, the sedimentary degree of cyanide Ink 
Is 30% or less, and the sedimentary degree of magenta Ink Is 15% or less. 

1 8, An aqueous pigment Ink set for color InkJet recording according to claim 1 5, wherein the sedimentary degree of yel- 
low Ink and orange Ink Is lower than the sedimentary degree of green ink, the sedimentary degree of cyanide Ink Is 
lower than the sedimentary degree of yellow Ink and orange Ink, and the sedimentary degree of magenta ink is 
lower than the sedimentary degree of cyanide Ink, 

17. An aqueous pigment Ink set for color Intfet recording according to claim 15 or claim 16, wherein the colorant for 
green Ink Is C.I. pigment green 7 or CI. pigment green 36; the colorant for yellow Ink Is CI. pigment yellow 74, CI. 
pigment yellow 1 09, or CI. pigment yellow 1 1 0; the colorant for orange ink Is CI pigment orange 36 or CI. pigment 
orange 43; the colorant for cyanide ink Is C.I. pigment blue 15:3; and the colorant for magenta Ink Is CI. pigment 
red 122. 

1 8, An aqueous pigment Ink set for color InkJet recording, comprising; green Ink and/or orange ink; yellow ink: cyanide 
Ink; magenta ink; and black ink; wherein the sedimentary degree of green Ink Is 60% or less, the sedimentary 
degree of yellow Ink Is 40% or less, the sedimentary degree of orange Ink Is 40% or less, the sedimentary degree 
of cyanide Ink Is 30% or less, the sedimentary degree of magenta Ink is 1 5% or less, and the sedimentary degree 
of black ink is 15% or less. 

1 9, An aqueous pigment Ink set for color InkJet recording according to claim 1 6, wherein the sedimentary degree of yel- 
low Ink and orange Ink Is lower than the sedimentary degree of green ink, the sedimentary degree of cyanide ink Is 
lower than the sedimentary degree of yellow Ink and orange Ink, end the sedimentary degree of magenta Ink and 
black Ink Is lower than the sedimentary degree of cyanide ink, 

20. An aqueous pigment Ink set for color InkJet recording according to claim 18 or claim 19, wherein the colorant for 
green Ink Is CI. pigment green 7 or CI. pigment green 36; the colorant for yellow Ink is CI. pigment yellow 74, CI. 
pigment yellow 1 08 r or CI. pigment yellow 1 1 0; the colorant for orange ink is CI. pigment orange 36 or CI. pigment 
orange 43; the colorant for cyanide ink is C.I. pigment blue 15:3; the colorant for magenta Ink Is Ct. pigment red 
122; and the colorant for black Ink Is black carbon. 

21 . A color InkJet recording method for recording Images by using the Ink set according to any one of claims 1 to 20, 

22, A color InkJet recorded matter having recorded thereon Images using the Ink set according to any one of claims 1 
to 20. 
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